AlaSTRACT.--Sexual wing dimorphism in relation to tail ornaments and body size was studied in the strikingly sexually dimorphic widowbirds and bishops (Euplectes) of the African tropics. Seven widowbirds grow long tails, varying from 7 cm in Fan-tailed Widowbird (E. axillaris) to 0.5 m in the Long-tailed Widowbird (E. progne). Aerodynamic drag increases with tail length, and adaptations to compensate for this cost might be expected (e.g. increasing wing length), a prediction that was supported among the widowbirds. After controlling for overall size dimorphism (estimated by tarsus length), 70% of the variation in residual wing dimorphism among the widowbirds was explained by tail dimorphism. Bishops were more dimorphic in wing length than expected, which may be related to their slow display flight. The results suggest caution in using wing length alone for interspecific comparisons of sexual size dimorphism. Based on tarsus length, the lekking E. jacksoni is more size dimorphic than the average of its congeners, in contrast to what has been concluded in previous studies based on wing length. Received 13 May 1993, accepted 2 July 1993. aerodynamic theory to predict morphological adaptations to the demands of song flight. Consistent with their predictions, they found greater sexual dimorphism in wing span and wing area in eight passerines with song flight than in related species without this (supposedly sexually selected) behavior. Evans and Thomas (1992) estimated the aerodynamic costs of elongated tails in three species of sunbirds (Nectarinia spp). An increased tail area was shown to affect the aerodynamics in several ways, but most importantly increase the drag on the bird, which is a major component of flight cost (Norberg 1990 Table 1 with linear regressions, and tested with analyses of variance and Spearman rank correlations. Unfortunately, there is no phylogeny available for Euplectes, which is why we treated the species as independent data points. Depending on the degree of evolutionary inertia of the investigated traits and the details of the true phylogeny, this might have unduly inflated our sample size (e.g. see Harvey and Pagel 1991), but we still find the trends worth reporting.
In this paper, we investigate the possibility that sexual dimorphism in wing length in eight widowbird species is a sexually selected adaptation to compensate for the aerodynamic costs of tail ornamentation.
We also discuss the relationship between sexual size dimorphism estimated from wing-length data and that estimated from tarsus length, and the relationship between size dimorphism and body size. Table 1 
METHODS

RESULTS AND DISCUSSION
Due to an aerodynamically functional relationship between wing span and body mass, wing-length tends to increase relative to body size within and among bird species (Norberg 1990). As expected, sexual dimorphism in wing length among the widowbirds and bishops was positively related to dimorphism in tarsus length (Fig. 1) . However, the fit was not very close (R 2 = 0.39) and, although some of the remaining variation certainly is due to measurement errors, biased sampling, etc., other factors also seem to be involved. This suggests that wing dimorphism might be a misleading index of sexual size dimorphism. For example, the three top-ranking species as regards to wing dimorphism (progne, hartlaubi, and axillaris, respectively) rank 3, 7, and 1, respectively, in size dimorphism as estimated from tarsus length. The only lekking species in All else being equal, the cost of flying should increase with the length (and hence area) of the tail, and males might through adaptation have countered this cost by increased wing span (Evans and Thomas 1992). A simple test of this prediction is to regress the residual wing dimorphism from Figure 1 on the sexual dimorphism in tail length (Fig. 2) . The regression for all species (line a in Fig. 2) (Fig. 2) . It would be particularly suggestive if the flight display of nigroventris is either more laborious or performed more frequently than those of the other bishops and, conversely, if the opposite were true for afer.
The shorter than expected wings of jacksoni may be related to the lack of a flight display in this species. As earlier suggested, the longer wings in nuptial compared to subadult males could be a morphological adaptation to the cost of the jump display (Andersson 1993) and the cost of carrying the tail in transport flight. However, the costs of the slow display flight in, for example, the similarly sized progne, might be a stronger selection pressure on wing span. In any case, when we restricted the analysis to include only display-flying widowbirds (line c in Fig. 2 Another alternative interpretation of the relationship between tail and wing dimorphism is that it results from a genetic correlation between different aspects of plumage growth (i.e. that selection for longer male tails produces a [nonadaptive] increase in male wing length). Taking it one step further, the entire variation in tail and wing length might be attributed to genetic drift. This possibility could not be refuted by Savalli (1993), who applied the test by Turelli et al. (1988) to Euplectes tail lengths. It seems, however, unlikely that drift alone can explain the tenfold range in Euplectes tail lengths.
In sum, much of the interspecific variation in widowbird wing length seems to be the result of sexually selected adaptations to compensate for costs incurred by tail ornamentation. As a consequence, wing lengths may give misleading estimates of sexual dimorphism in overall body size among widowbirds and bishops. This might apply also to other avian groups with aerodynamically handicapping displays or ornaments.
